Obesity is very common among the higher income groups in India and other developing countries. Paleolithic diet or hunter-gatherer diet is currently popular for weight loss, diabetes management and general well-being. The present study was carried out to assess the nutritional status of the selected obese subjects who followed a modified lifestyle pattern for weight management and a group of subjects who followed paleo diet regularly. The data such as general information and socio-economic background, dietary pattern, anthropometric measurements, clinical, biochemical and biophysical parameters were collected from the selected subjects. Results showed that there is reduction in serum lipid profile except HDL in the subjects who followed lifestyle modifications and paleo diet is not a better choice for sustained weight management.
Introduction
Obesity is a global public health problem with major implications for health and the economy. It is a priority in many countries requiring immediate action for prevention and management of obesity. There are a number of trigger points in the life course where individuals gain weight, including the transition from adolescence to adulthood. Obesity is defined as a process characterized by excessive accumulation of body fat with multiple organ specific consequences that could impair health 1 . Management of overweight patients focuses primarily on lifestyle changes such as diet, physical activity, sleep and stress reduction. A combination of physical activity and dietary changes has been found to be most effective for weight loss. If these measures are unsuccessful after six months, then medications, surgery, and other referrals may be required 2 . The paleo diet aims to mimic what humans were eating prior to the advent of agriculture some 10,000 years ago. Before food scarcity was eliminated in many parts of the world, diet was not a choice but rather the outcome itself. The never-ending quest for enough calories to survive generally meant that people would eat anything they could get their hands on, and the only weight loss connected to diet came in the form of starvation. Therefore, the Paleo Diet falls somewhere in the middle 3 . The paleo diet lessens the body's glycemic load, has a healthy ratio of saturatedto-unsaturated fatty acids, increases vitamin and nutrient consumption, and contains an optimal balance of protein, fat and carbohydrates 4 . The present study was carried out with the objectives to assess the nutritional status of the selected obese subjects and to evaluate the impact of lifestyle modifications and
Materials and Methods

Selection of Subjects
Fifty obese subjects (BMI>30) in the age group of 20 to 50 years and without major complications like diabetes, hypertension, hypercholesterolemic and other degenerative diseases were selected by convenience sampling. The paleo diet includes fleshy foods, eggs, greens, vegetables, dairy products and eliminates the cereals and pulses. The control group (10 subjects) were advised to follow their regular lifestyle. The subjects of experimental group I (20 subjects) were advised to take the above paleo foods. They followed vegetarian, non-vegetarian and ova-vegetarian paleo foods according to the availability, the experimental group II (20 subjects) were advised to follow lifestyle modifications like reduced calorie intake, increased physical activity and behavioral interventions.
General Information and SocioEconomic Status
An interview schedule was used to elicit information on general and socio-economic status such as name, age, sex, marital status, type of work, education level, family income and type of family from all the selected subjects.
Dietary Survey
The details regarding the dietary pattern were collected from all the selected subjects by 24-hour recall method for three consecutive days to study the food and nutrient intake of the obese subjects before and after the study period.
Anthropometric Measurements
Height, weight, waist circumference and hip circumference of all the 50 selected subjects were measured using standard procedures. With the help of this data Body Mass Index (BMI) and Waist Hip Ratio (WHR) were estimated.
Clinical Assessment
The obese subjects were examined clinically for the presence of nutritional deficiency disease such as eyes, hair, mouth, skin, face, poor appetite, nausea and vomiting, constipation, oedema, diarrhea, eclampsia, heartburn, toxemia and fatigue with the help of a physician. 
Biophysical Measurement
Blood pressure of all the selected 50 subjects was measured on the inside of an elbow at the brachial artery, upper arm's major blood vessel that carries blood away from the heart using a sphygmomanometer.
Development of Educational Module for Obese Subjects
The selected subjects were provided nutrition education for about three hours at initial stage of the study using the developed aids such as posters, folders, charts and simple physical exercise at Sri Kumaran Diabetic Clinic, Chennimalai and Sri Durga Hospital, Ingur.
Results and Discussions
The data collected from the selected subjects were analysed and discussed. Table 1 gives the comparison of the initial and final weight of the selected obese subjects in the control and experimental groups.
Weight
It is evident that there was considerable reduction in mean weight (at 1% level) of both experimental group I and experimental group II but in the control group there was significant increase in weight (at 1% level) after the study period of 90 days. The reduction of weight may be due to the paleo diet in experimental group I and lifestyle modifications in experimental group II. Intake of paleo diet showed greater reduction of weight in obese subjects Table 2 reveals that mean BMI of all the three groups are more than 30 initially and are in the range of Grade-II obesity (BMI between 30-40).
BMI
The data clearly indicates that the mean BMI of the selected subjects of experimental group I before following Paleo diet was 30.48 which was reduced to 25.96 after the study period (at 1% level). Similarly the mean BMI of the selected subjects of experimental group II before following lifestyle modifications and diet was 30.62 which was reduced to 27.72 after the study period of 90 days (at 1% level). This may be due to the reduced intake and increased physical activity of the group.
Waist Circumference
Waist circumference is the most practical tool a clinician can use to evaluate a patient's abdominal fat before and during weight loss treatment. The mean waist circumference before the study in all the three groups is greater than 88 cm in female and 102 cm in male ( > normal range) who are at high risk waist circumference. Table 3 indicates that there was considerable reduction in mean waist circumference in experimental group I and experimental group II (at 1% level). But in control group, the final mean waist circumference had increased significantly at 5% level. The reduction in mean waist circumference is more in experimental group I (5.45cm) than in experimental group II (4.65cm) which shows that paleo diet was more effective than lifestyle modifications. Table 4 indicates the mean waist-hip ratio of all the three groups of control group, experimental group I and experimental group II before and after the study. Table 4 shows that there is significant reduction (at 1% level) in mean waist-hip ratio in experimental group I who followed paleo diet and there is no significant reduction in experimental group II who followed lifestyle modifications. But there is no reduction in mean WHR in control group. The experimental group I shows significant reduction in waist-hip ratio compared to experimental group II.
Waist-Hip Ratio (WHR)
Health Status
General health status was assessed for the selected subjects to find out the presence of any health problems in the selected subjects. Table 5 it is understood that 16 per cent of the subjects had low blood pressure, 18 per cent of the subjects had respiratory disorders, 14 per cent had gastric ulcer, 16 per cent had stomach pain, 28 per cent had constipation and 60 per cent had arthritis. The selected subjects did not have any other major health problems like diabetes, hypertension, hypercholesterolemia and other degenerative diseases. . **-Significant at 1% level NS -Not significant fifty obese subjects, most of the subjects (65%) were having the habit of taking non-vegetarian foods which are calorie dense, rich in fat and cholesterol which is not good for healthy well being.
Dietary Pattern of the Selected Subjects
Nature of Diet
Nutrient Intake of Selected Subjects
Twenty four hour recall method for three days was carried to study the nutrient intake of the selected 50 obese subjects. The nutrient intake (Energy, Protein, Fat, Fibre, Vitamin C) of the selected obese subjects were calculated using the food composition table given by Gopalan et al. (2011) 5 . Information regarding the nutrient intake of the selected subjects were compared with RDA and are given in Table 7 . Table 7 shows that the mean energy intake, protein intake and fat intake of all the selected subjects of control group, experimental group I and experimental group II were greater than RDA before the study. But the mean fibre intake was less than the recommended intake in all the three groups. This shows that excess of nutrient intake would have caused obesity in the selected subjects.
There was significant reduction in mean energy intake, protein intake and fat intake during the study in experimental group II (at 1% level) compared to experimental group I. There was increased intake of fibre in experimental group II who followed lifestyle modifications than experimental group I who followed paleo diet. There was no significant change in mean intake of any of the nutrients in control group.
But in the experimental group I who followed paleo diet, the mean protein and fat intake was higher than RDA compared to experimental group II (significant at 1% level). The mean energy intake in experimental group I was also reduced during the study period (significant at 1% level). Table 8 indicates the mean serum cholesterol levels of control and experimental groups I and II before and after the study.
Serum Cholesterol
The normal range of serum cholesterol is 130 to 200 mg/dl (www.nhlbi.nih.gov) 7 . Table 8 reveals that the mean cholesterol of experimental group II had decreased after But there was significant increase in the mean serum cholesterol in the control group at 1% level. Experimental group I showed significant increase in the mean serum cholesterol at the end of study period (at 1% level) which was above the desirable level. This proves that the increase in serum cholesterol is due to the paleo diet as it is rich in saturated fatty acids. Table 9 indicates the mean serum triglyceride levels of control and experimental groups before and after the study.
Serum Triglyceride
The normal range of serum triglyceride is 50 to 170 mg/dl (www.nhlbi.nih.gov) 7 . The Table 9 reveals that the mean serum triglyceride level of experimental group II had decreased significantly (at 1% level) after following lifestyle modifications. There was also significant reduction in the serum triglyceride in the control group. Experimental group I showed significant increase in the serum triglyceride (at 1% level) which was above the normal range. This proves that the increase in serum triglyceride is due to the paleo diet as it is rich in saturated fatty acids. Table 10 indicates the mean serum HDL levels of control and experimental groups before and after the study.
Serum HDL
HDL cholesterol is a good cholesterol which reduces the risk of heart diseases 8 . The mean serum HDL levels were found to be in the normal range of 35 to 55 mg/dl (www.nhlbi.nih.gov) 7 , before the study in all the three groups of control group, experimental group I and experimental group II.
The table reveals that the mean serum HDL level of experimental group II had increased significantly (at 1% level) after following lifestyle modifications. There was no significant increase in the serum HDL in the control group. Experimental group I showed significant reduction in the serum HDL (at 1% level). This proves that the decrease in serum HDL is due to the paleo diet. Table 11 indicates the mean serum LDL levels of control and experimental groups before and after the study.
Serum LDL
The normal range of serum LDL is 40 to 140 mg/dl But there was a huge increase in the mean serum LDL level in experimental group I (who followed paleo diet) above the desirable level who followed Paleo diet (significant at 1% level). This shows that intake of paleo diet will increase the serum LDL which may lead to cardiac diseases. LDL is called 'bad cholesterol' because it causes atherosclerosis. Long term intake of paleo diet may elevate the serum LDL levels and develop atheroma. This is due to high level of saturated fatty acid in paleo diet which increases plasma cholesterol and promotes the formation of atheroma 8 .
Conclusion
The paleo diet generally includes fleshy foods, milk, nuts, eggs, greens and vegetables and eliminates the whole cereals and pulses. There is no calorie limitation in paleo diet. One can take these foods to their satiety level. In the present study though there is weight reduction on intake of paleo diet, there is great elevation of serum cholesterol, triglycerides, LDL and VLDL which may lead to cardiac disorders. Low carbohydrate intake may lead to ketosis and severe metabolic abnormalities. High protein and fat intake is not advisable for long term health benefits.
But, there is reduction in serum lipid profile except HDL in the subjects who followed lifestyle modifications like reduced calorie intake, regular physical activity and behavioral interventions. Increased intake of fibre and reduced fat in modified diet did not have any adverse effect in their biochemical reports. Since there is no adverse effect of lifestyle modifications, obese subjects can follow this for health benefits and reduction of weight. So lifestyle modifications can be recommended to reduce the weight and serum lipid levels in obese subjects.
